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Electro-acoustic transducer comprising an RFBD circuit 



The invention relates to an electro-acoustic transducer having sound- 
generating means and having a circuit unit, which circuit unit has a circuit substrate and at 
least one circuit component of a signal-processing circuit, which circuit component is 
mounted on the circuit substrate. 



An electro-acoustic transducer of the kind specified in flie first paragr^h 
above is known fiom patent document US 6,243,472 Bl. In the known transducer, a pluraUty 
of circuit components are provided on a carrier of tiie circuit unit, which carrier is in the form 
of a plate, said circuit components forming a tiransducer circuit that is used to process and act . 
on signals tiiat are to be fed and are fed to tiie sound-generating means. In connection with a 
transducer of this kind having a transducer circuit incorporated in tiie transducer, reference 
may be made to the international patent appUcation having the application number 
PCT/IB03/03275, of 18 July 2003 (PHAT020049 EP-P). In tiie known electro-acoustic 
transducers, tiie at least one circuit component forms a transducer circuit, which gives 
advantages in respect of tiie processing of tiie acoustic signal but, on tiie otiier hand, 
constitutes a limitation because a transducer of tiiis kmd is often used in devices in which 
additional functionaUties are provided for which a known transducer does not provide any 
support. 



It is an object of tiie inventioo-toiemove the limitation identified above and to 
produce an improved electro-acoustic transducer. 

To achieve tiie object stated above, features in accordance witii tiie invention 
are provided in an electro-acoustic taansducer in accordance witii tiie invention, thus enabling 
an electeo-acoustic transducer in accordance witii tiie invention to be characterized in tiie 

manner specified below, namely: 

An electro-acoustic tiansducer having sound-generating means and having a 
circuit unit, which circuit unit has a circuit substrate and at least one circuit component of a 
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signal-processing circuit, which circuit component is mounted on the circuit substrate, 
wherein the sound-generating means are annular in form and smroimd an interior space, 
which interior space is accessible from outside the sound-generating means when the 
transducer is being manufactured and before the circuit unit is fitted, and wherein the at least 
5 one circuit component is arranged in the interior space in the soimd-generating means and 
forms a communication circuit of a conomiunication partner device for contactless 
communication. 

What is achieved by the making of the provisions in accordance with the 
invention is above all that an electro-acoustic transducer intended for an electro-acoustic 

10 device can, in addition, be used to produce a communication partner device belonging to this 
electro-acoustic device, which is of advantage for a solution that is as inexpensive and space- 
saving as possible and requires the smallest possible number of assembly steps. The 
provision of the features in accordance with the invention makes it possible, in a structurally 
simple way, to obtain a particularly space-saving design of electro-acoustic transducer having 

IS a inbuilt communication circuit of a communication partner device, because the -at least one 
circuit component of the communication circuit, which component is mounted on the circuit 
substrate, is housed within the interior space in the sound-generating means and therefore 
does not take up any additional spacie. 

In an electro-acoustic transducer in accordance with the invention, a plurality 

20 of discrete circuit components may be provided on the circuit substrate to form a 

communication circuit. A communication circuit of this kind may also be produced by thin- 
film technology. It has however proved to be highly advantageous if only a single circuit 
component is provided that is formed by an integrated circuit connected to the circuit 
substrate, which mtegrated circuit forms the communication circuit. A particularly small and 

25 space-saving solution can be obtained in this way. 

In an embodiment having an integrated circuit, it has fiarther proved to be 
highly advantageous if, in addition, the features claimed in claim 3 are provided. This means 
that the moving coil is advantageously used for two purposes. A solution of this kind is also 
advantageous in that it allows the electrically conductive connection between the moving coil 

30 and the communication circuit to be of a form that is as simple as possible. 

In an electro-acoustic transducer in accordance with the invention, in which 
the sound-generating means have a diaphragm, connecting contacts that extend in parallel to 
one another may be provided in point or strip form on a &ce of the circuit substrate that is 
remote from the diaphragm. It has however proved to be highly advantageous if four 
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connecting contacts, each in the form of a sector of a circular annulus, are provided on a face 
of the circuit substrate remote from the diaphragm. An embodiment of this kind has been 
found to be particularly advantageous in practice. 

The circuit unit may, for example, be fastened in place by means of at least 
5 one screw. It has however proved to be highly advantageous if the circuit unit is arranged to 
be removable without the use of a separate tool. For this piirpose, a latching connection or a 
bayonet-type coimection may be provided between the circuit unit and another component 
part of the transducer. It is also possible for a press-fit of greater or lesser tightness to be 
provided between the circuit unit and another component part of the transducer. 
10 These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiments described hereinafter, to which however the 
invention is not limited. 



15 In the drawings: 

Fig. 1 shows in a cross-section an electro-acoustic transducer according to one 
embodiment of the invention, which transducer is provided with a circuit imit. 

Fig, 2 shows in an oblique view from the rear the transducer according to Fig. 
1, without the circuit imit 
20 Fig. 3 shows in an oblique view from the rear the circuit unit of the transducer 

according to Fig. 1. 

Fig. 4 shows in an oblique view from the front the circuit unit of the 
transducer according to Fig. 1. 

25 

Fig. 1 shows an electro-acoustic transducer 1, which is a loudspeaker 1 in the 
present case. The transducer 1 is of a form that is substantially symmetrical about its center 
and it has a transducer axis 2. 

The transducer 1 has a housing 3 of a cup-like form that is composed of metal 
30 and that has an end-wall 4 and a side-wall 5, the end-wall 4 being provided with a circular 
raised portion 6 in which are provided openings (not shown) for the passage of soimd, and 
there being four tabs 7, in the form of strips, that project from the side-wall 5 and extend in 
radial directions towards the transducer axis 2, by means of which tabs 7 the component parts 
of the transducer 1 that are housed in the housing 3 are secured in their axial positions. It is 
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also possible for more than four such tabs 7 to be provided. The radial positions of the 
component parts of the transducer 1 that are housed in the housing 3 are fixed with the help 
of the side- wall 5. The height of the cup-like housing 3 in the direction in which the 
transducer axis 2 is oriented and in the region thereof is 3.2 mm. The diameter of the housing 
5 3 in directions extending peipendicularly to the transducer axis 2 is 13.2 mm. The transducer 
1 is thus a transducer tiiat is of a particiilarly small form. The transducer 1 is intended for use 
in, for example, a mobile telephone and similar telecommunication devices, which devices 
are intended to be particularly small in form, which means that the components used in them, 
such as Ibe transducer 1 , also need to be particularly small in form and to take vp only a small 
10 amoxmt of space. Consequently, it is advantageous for a transducer 1 of this kind if its 
dimensions are smaller than those of known transducers even by only a few tenths of a 
millimeter. 

The transducer 1 contains a diaphragm 8 that is substantially U-shaped in its 
edge region 9, the U-shaped edge region 9 being connected to a ring 10, which ring 10 is 

1 5 connected to the diaphragm 8 when the diaphragm 8 is being manufactured and which ring*' 
10 is used for transport purposes and also for assembly purposes. When the transducer 1 is . 
being manufactured, the ring 10 plus the diaphragm 8 connected thereto is slid into the: * 
housing 3 parallel to the direction of the transducer axis 2, the tabs 7 not yet having been bent 
over of course but extending in a direction substantially parallel to the transducer axis 2. The 

20 diaphragm 8 has an intermediate region 11 that connects up with the U-shaped edge, region 9, 
. an annular fastening region 12 that connects up with the intermediate region 1 1 and a central 
region 13 that is situated iaside the fastening region 12, which central region 13 is used to 
generate sound. For this purpose, the diaphragm 8 as a whole is arranged to be capable of 
oscillating parallel to the transducer axis 2. 

25 The transducer 1 also has a magnet system 14. The magnet system comprises a 

permanent magnet 1 5, a first yoke 16 that is in the form of a circular annulus and rests flat 
against the permanent magnet 15, and a second yoke 17 of L-shaped configuration in cross- 
section, of which second yoke 17 a first portion 18 of disc shape likewise rests flat against the 
permanent magnet 15 and a second portion 19 in the firm of a hollow cylinder projects firom 

30 the first portion 18 in a direction parallel to the transducer axis 2; When the transducer 1 is 
being manufactured, the first yoke 16, then the permanent magnet 15 and then the second 
yoke 17 are slid into the housing 3 parallel to the direction of the transducer axis 2. Once the 
three parts 16, 15 and 17 of the magnet system have been slid into place, the tabs 7 on the 
housing 3 are bent over to the positions shown in Figs. 1 and 2, as a result of which the 



wo 2005/048652 



5 



PCT/IB2004/052402 



diaphragm 8 and the magnet system 14 are then fixed in place. Between the jfree end of the 
second portion 19 of the second yoke 17 and the inner edge of the first yoke 16 is formed an 
air-gap 20 that is defined by the two parts of the magnet system, namely the first yoke 16 and 
the second yoke 17. The magnet system 14 has a boimdary face 21 fliat is situated on the side 
5 remote fi-om the diaphragm 8 and that forms the outside boundary of the magnet system 14, 
which boundary face 21 is formed by a face, in the form of a circular annulus, of the first 
portion 18 of the second yoke 17. 

The magnet system 14, a moving coil 29 and the diaphragm 8 form sound- 
generating means 38 of the transducer 1. 
10 As can be seen firom Figs. 1 and 2, the magnet system 14 is advantageously 

annular in form in the present case. Consequently, the sound-generating means 38 too are 
aimular in form. The magnet system 14 surrounds an interior space 22, which interior space 
22 is accessible, when the transducer 1 is being manufactured and before a circuit unit 23 is 
fitted (details of the form of which latter will be given below), firom outside the magnet 
15 system 14 over the whole of its extent in directions lying perpendicular to the transducer axis 
2 and has the transducer axis 2. passing through it In the present case, the aimular form of the. 
magnet system 14 and the sound-generating means 38 is defined as a circular annulus. The 
annular form may however also be of elliptical, rectangular or square configuration. 

Firmly held in the interior space 22 is a contact carrier 24, which contact 
20. carrier 24 is composed of plastics material and is intended to hold two moving-coil contacts 
25, of which moving-coil contacts 25 only one, 25, can be seen in Fig. 1 due to the feet that 
the view is in cross-section. The moving-coil contacts 25 are connected to the contact carrier 
24 by being molded into it. Each moving-coil contact 25 has a U-shaped portion 26, between 
the two side-members of which is clamped one end 27 of a moving-coil wire. Each moving- 
25 coil contact 25 has an reshaped portion 28 that projects firom one side-member of the U- 
shaped portion 26. 

The transducer 1 contains.^ mo^dn^oil 29, which moving coil 29 is arranged 
partly in the air-gap 20 and is connected to the diaphragm 8 in the latter's fastening region 12 
by means of an adhesive-bonded joint (not shown). The moving coil 29 cooperates with the 
30 magnet system 14, there being fed to the moving coil 29 an electrical signal that represents a 
signal to be reproduced acoustically, as a result of which the moving coil 29 is caused to 
oscillate and the diaphragm 8 produces the signal that is to be reproduced acoustically. The 
electrical signal fed to the moving coil 29 has to be amplified, and may also need to have its 
signal waveform acted on if required, before it is fed to the moving coil 29. What is required 
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for this is a transducer circuit 3 1 A that is arranged to perform the requisite actions on the 
signal, in particular to amplify it. 

In the transducer Ij, this transducer circuit 31 A is connected directly to the 
transducer L For this purpose, the circuit unit 23 that has already been mentioned is provided 

5 in the transducer 1 . The circuit unit 23 has a circuit substrate 30 of plate-like form, which 
circuit substrate 30 is arranged to be adjacent the boundary face 21 of the annular magnet 
system 14 in the axial direction. Provided and mounted on the circuit substrate 30 of plate- 
like form in the present case is only a single circuit component 31, which is formed by an 
integrated circuit 31 connected to the circuit substrate 30, which integrated circuit 31 is only 

10 schematically indicated in Fig. 1 and which integrated circuit 31 forms the transducer circuit 
31A and, in addition, a communication circuit 31B of a communication partner device 37, 
which communication partner device 37 will be considered in greater detail below. The 
integrated circuit 31 is advantageously arranged on that face 32 of the circuit substrate 30 that 
is adjacent the diaphragm 8 in this case. This produces a state of affairs where the integrated 

15 circuit 31 is arranged in the interior space 22 in the magnet system 14, which gives the major 
advantage that the space that is available anyway in the interior space 22 is exploited to house 
the integrated circuit 31, which means that no additional space is required to house the 
integrated circuit 31, which is advantageous to obtain a height for the transducer 1, including 
the transducer circuit 3 1 A and the communication circuit 3 IB, that is as small as possible. 

20 The integrated circuit 3 1 is embedded in a substantially cup-shaped plastics encapsulation 33. 
Projecting from the plastics encapsulation 33 are two connecting contacts 34 that are j 
connected to the plastics encapsulation by being molded into it, each of which coimecting 
contacts 34 has an electrically conductive connection to a moving-coil contact 25, the 
electrically conductive connection being made in each case between a connecting contact 34 

25 and an L-shaped portion 28 of a moving-coil contact 25. Each of the two connecting contacts 
34 is connected to a terminal (not shown) of the integrated circuit 31. The circuit substrate 30 
is formed by a small printed-circuit board in this case, to which the plastics encapsulation 33 
is coimected. The circuit substrate 30 and the plastics encapsulation 33 may however also be 
all in one piece, in which case the circuit substrate 30 too will then be composed of plastics 

30 material, thus giving a particularly simple and advantageous embodiment. 

As can be seen from Fig. 3, there are provided on that face 35 of the circuit 
substrate 30 that is remote from the diaphragm 8 four contact terminals 36 that are each in the 
form of a sector of a circular annulus. Two of these contact terminals 36 are used to feed in 
the electrical signal that is to be reproduced as an acoustic signal. Another two of these 
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contact terminals 36 are used to feed in a d.c. supply voltage for the integrated circuit 31, 
which d.c. supply voltage is always fed to the transducer circuit 3 1 A and, depending on the 
mode in which the commimication circuit 3 IB is operating, possibly to the communication 
circuit 3 IB as well. 

5 With regard to the communication circuit 3 IB and the communication partner 

device 37 containing tiie communication circuit 3 IB, it should be mentioned that a 
communication partner device 37 of this kind and a communication circuit 3 IB of this kind 
have long.been known. They are conmiunication means that enable communication to be 
carried on between a read/write station and what is termed a transponder, by which 

10 communication firstly data stored in the transponder can be transmitted to the read/write 
station and secondly data contained in the read/write station can be transmitted to tiie 
transponder. In connection with a communication partner device 37 of tiiis kind, attention 
may be drawn to certain patent documents, namely to, for example US 5,345,23 1, EP 0 473 
569 B2, EP 0 669 591 Bl, US 6,168,083 Bl, EP 0 783 740 Bl, US 6,563,882 Bl, US 

15 6,510,149 Bl, US 6,583,717 Bl, US 6,442,215 Bl, EP 1 038 257 Bl, EP 1 064 616 Bl, US 
6,301;138 Bl, WO 02/51021 Al and WO 02/51183 Al, and to certain standards, namely to, 
for example ISO 14443, ISO 15693, ISO 18000 and ISO 18092. The contents of the above- 
mentioned patent documents and standards is hereby incorporated by reference.- As can be 
seen firom the last two patent documents mentioned, it is known for communication partner 

20 devices having a transponder function and/or a read/write station function to be provided in a . 
portable telephone, i.e. a portable device for communication by radio. However, it has, to 
date, only been known for the communication circuit of the communication partner device to 
be provided as a separate component, or to be provided as a separate component on a 
replaceable component, such as a battery, for the portable device for conmiimication by 

25 radio. By contrast, in the solution described by reference to Figs. 1 to 4, the communication 
circuit 3 IB of the conmiTmication partner device 37 is provided inside the electro-acoustic 
transducer 1, which electro-acoustic transducer 1 is provided and arranged in a portable 
device for communication by radio, but also in other electro-acoustic devices (PDAs, pagers). 
This solution gives the advantage that no additional space whatsoever is required for the 
- 30 communication circuit 3 IB of a commimication partner device 37. In the case of the solution ' 
shown in Figs. 1 to 4, the additional advantage is obtained in this case that the 
communication circuit 3 IB is implemented jointly with the transducer circuit 31 A by means 
of a single integrated circuit 3 1, which is also advantageous to give costs that are as low as 
possible. 



wo 2005/048652 



8 



PCT/IB2004/052402 



In the present case, the communication partner device 37 is implemented by 
means of the communication circuit 3 IB and by means of the moving coil 29, which moving 
coil 29 is at the same time used as a transmission means for contactless communication. By 
means of the contactless transmission means formed by the moving coil 29, contactless 
5 transmission of data becomes possible between the communication circuit 3 IB of the 
conomimication partner device 37, which communication circuit 3 IB is housed in the 
transducer 1, and a read/write device (not shown), i.e. a further conomunication partner 
device. 

It should be mentioned that, rather than using the moving coil 29 as, in 

10 addition, a contactless transmission means, a solution may also be provided in which the 

commimication circuit 3 IB is connected to a communication coil that is provided in addition 
to the moving coil 29. A solution of this kind gives the advantage that the separate 
commimication coil can be sized with a greater degree of independence of the dimensions of 
tiie electro-acoustic transducer 1, by which means better conditions of transmission can 

15- possibly be obtained. 

In the present case, the circuit unit 23 is secured in place by a latching 
connection (not shown in the Figures). This latching connection is made between tiie contact 
carrier 24 and the plastics encapsulation 33. The latching connection may however also be 
provided between otiier component parts of the transducer 1, such as, for example, between 

20 ' tihie second yoke 17 and the circuit substrate 30. Because the circuit unit 23 is secured in place 
by means of a latching connection, the circuit \mit 23 can be removed from the rest of the 
transducer 1 without the need for a separate tool. The circuit unit 23 is thus designed to be 
removable without a separate tool. The circuit imit 23 may however also be secured in place 
by means of an easily releasable snap-action connection or bayonet-tj^e connection. The 

25 circuit xmit 23 may also be secured in place by means of, for example, adhesive-bonded joints 
or welded joints at localized points. 

What is achieved in a particularly advantageous fashion with the transducer 1 
is firstly that only a very small amoimt of additional space is required in the direction in 
which the transducer axis 2 is oriented to accommodate the integrated circuit 31, namely the 

30 amoxmt of space required for the plate-like circuit substrate 30, which however amounts to 
only a few tenths of a millimeter, and is secondly that the circuit imit 23 is easily and simply 
accessible even after the transducer 1 has been completed and can be replaced easily and 
simply in the event of its failing to operate satisfactorily. 
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In a modified version of the transducer 1 shown in Figs. 1 to 4, the circuit 
substrate provided is not one that extends to the side-wall 5 of the housing 3 and instead the 
outside diameter of the circuit substrate 30 is only the same as the inside diameter of the 
interior space 22 and the height of the space occupied by the plastics encapsulation 33 plus 
5 the circuit substrate 30 is only such that that face 35 of the circuit substrate 30 that is remote 
from the diaphragm 8' lies flush with the boundary face 21 of the magnet system or is even in 
a position where it is slightly ofEset from the boundary face 21 in the axial direction into the 
interior space, which means that in this case too the circuit substrate 30 is arranged to be 
adjacent the boundary face 21 of the magnet system 14, that is to say adjacent substantially in 

10 radial directions. As a result of this, no additional space whatsoever is required in the 
direction in which the transducer axis 2 is oriented to acconmiodate the circuit unit 23 
containing the integrated circuit 31 . In this modified version of the transducer 1, the circuit 
substrate 30 may be formed by a bottom wall of the plastics encapsulation 33. 

With regard to the circuit unit 23, it should also be mentioned that the circuit 

15 unit 23 is of a surface-moimtable form and can thus be connected to a printed-circuit board of 
a mobile telephone or of a similar device by an SMD process. The circuit unit 23 tibus forms 
a surface-mountable adapter for the transducer 1, in which case the said adapter may or may 
not be connected to the rest of the transducer 1 depending on the customer's wishes or the 
application. 

20 It should also be mentioned that an intermediate layer, that is designed to 

provide particularly good thermal transnMssion between the circuit substrate 30 and the 
second yoke 17 of the magnet system 14, may also be provided between that boimdary face 
21 of the magnet system 14 that is remote from the diaphragm 8 and that face 32 of the 
circuit substrate 30 that is adjacent the diaphragm 8. 

25 With regard to the transducer 1, it should also be mentioned that it is equally 

possible for a circuit unit 23 not to be provided in the transducer 1, i.e. for a transducer 1 
without a circuit unit 23 of this kind to be suppUed to a customer for fitting into a mobile 
telephone or a similar device, in which case a transducer 1 of this kind that has been supplied 
without a circuit unit 23 will then have to be supplied with the electrical signal that is to be 

30 reproduced acoustically from a transducer circuit that is external to the transducer 1, this 
extemal transducer circuit being connected directly to the L-shaped portions 28 of the two 
moving-coil contacts 25. 

The transducer circuit 31 A and the communication circuit 3 IB may also be 
formed by two separate integrated circuits. The communication circuit 3 IB may contain both 
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a transponder circuit and a read/write station circuit, as is the case in so-called NFC systems 
to which standard ISO 18092 relates. In a so-called NFC transponder of this kind, the 
transmission of data is possible not only unidirectionally in respective opposing directions 
but also bidirectionally. 

5 Where the transducer 1 is used in a mobile telephone, the communication 

circuit 3 IB of the transducer 1 may also be connected via additional contacts to a processor 
belonging to the mobile telephone (which may or may not have a cryptography unit) to 
enable not only acoustic signals to be transnMtted via the communication circuit 3 IB but also 
text and image data to be transnoitted to, for example, a display of the mobile telephone. 

10 It may be mentioned that the electro-acoustic transducer in accordance with 

the invention may also be a microphone. An electro-acoustic transducer in accordance with 
the invention may also take the form of a piezoelectric transducer. In this case so-called 
MEMS technology may be employed, by which a piezo loudspeaker and/or a piezo 
microphone are implemented on an IC, 

15 By means of the communication circuit 3 IB, incoming or outgoing signals 

(data) may also be respectively decrypted and encrypted, thus making it possible for 
commimication secure against listening-in to take place via the communication circuit 3 IB. 
Before a communication, the partners involved in the communication must exchange the 
relevant keys (RSA, DES, triple DES, elUptic curve, etc.) to enable communication secure 

20 against listening-in to take place. This may be very helpful and indeed necessary particularly- 
in the case of transactions involving money. 

Code storage may also be performed by means of the commimication circuit 
3 IB, which means that, as an option, special tuning data for, for example, loudspeaker 
adjustment could be stored on the relevant chip (such as an NFC chip, for example) for, for 

25 example, adjusting frequencies (treble frequencies, bass frequencies) to enable the 

loudspeaker to be tuned via an amplifier. Provision could also be made for codeword and/or 
nusober codes to be input via an input microphone and a downstream speech pattem 
recognition means. 

In the case of a mobile telephone, the possibility also exists of providing, in 
30 addition to a transducer in accordance with the invention having an inbuilt communication 
circuit 3 IB, a further, additional, electro-acoustic transducer that is contained in a headset, 
for example, and has a special encryption unit (fixed or variable), in which case data can then 
be transmitted from the mobile telephone to the headset by means of the inbuilt 
communication circuit 31B contactlessly (or else via a cable) and in encrypted form and the 
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data can be decrypted by means of a further communication circuit provided in the headset, 
which means that the decrypted data, and consequently signals, wiU only become available 
directly in the ear, as a result of which the data transmitted will be particularly secure against 
Ustening-in because in this case it will only be the data or signals that are transmitted in 
encrypted form that can be listened in on. 



